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INORGANIC IODIDE, PRODUCTION
METHOD THEREOF, AND PRODUCTION
SYSTEM THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a Section 371 U.S. national stage
entry of pending International Patent Application No. PCT/
JP2009/051422, international filing date Jan. 29, 2009, which
claims priority to Japanese Patent Application No. 2008-
021326, filed Jan. 31, 2008.

TECHNICAL FIELD

The present invention relates to an inorganic iodide, a
production method of the inorganic iodide, and a production
system of the inorganic iodide. The present invention particu-
larly relates to (i) a simple method for synthesizing a highly
pure inorganic iodide and (ii) a simple system for synthesiz-
ing the highly pure inorganic iodide.

BACKGROUND ART

Conventionally, inorganic iodide has been synthesized by a
variety of methods. For example, Patent Literatures 1 through
7 listed below disclose examples of methods of synthesizing
inorganic iodides. Patent Literature 1 discloses a method
including adding iodine to an alkaline solution so as to carry
outa reaction to give iodate, and then reducing the iodate with
aluminum or zinc. Patent Literature 2 discloses a method
including adding iodine to an alkaline solution to obtain a
solution, and then carry out reduction with hydrogen sulfide.
Patent Literature 3 discloses a method including reducing
iodine or iodate with alkali metal amalgam in an alkaline
environment or in a neutral environment. Patent Literature 4
discloses a method including treating an iodine alkali hydrox-
ide solution with an organic reducing agent such as formic
acid, oxalic acid, or malonic acid. Patent Literature 5 dis-
closes a method including adding iodine to a potassium
hydroxide solution to obtain a solution, and then reducing the
solution with formic acid serving as a reducing agent. Patent
Literature 6 discloses a method including reacting iodine with
potassium hydroxide or with alkaline carbonate with use of
hydrazine serving as a reducing agent. Patent Literature 7
discloses a method of (i) neutralizing a potassium hydroxide
solution with use of formic acid so as to obtain a resultant
solution, (ii) adding an over-stoichiometric amount of iodine
to the resultant solution so that the resultant solution under-
goes a reaction, and (iii) treating free iodine in the post-
reaction resultant solution with potassium sulfide.

CITATION LIST

Patent Literature 1

Specification of U.S. Pat. No. 2,828,184

Patent Literature 2

Specification of U.S. Pat. No. 3,402,995

Patent Literature 3

Japanese Examined Patent Application Publication,
Tokukousho, No. 31-8013 B

Patent Literature 4

Japanese Patent Application Publication, Tokukaihei, No.
1-261224 A (1989)

Patent Literature 5

Specification of Russian Patent No. 560826

Patent Literature 6
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Japanese Patent Application Publication, Tokukaisho, No.
61-48403 A (1986)

Patent Literature 7

Specification of Russian Patent No. 497233

SUMMARY OF INVENTION

However, according to the method of synthesizing an inor-
ganic iodide disclosed in each of Patent Literatures 1 through
7, the inorganic iodide is synthesized by using iodine mol-
ecules as a starting material. This necessitates use of a reduc-
ing agent, and thus necessitates removal of the reducing agent
or a by-product in isolating a desired inorganic iodide. In
addition, some reducing agents need to be handled with
extreme care because of their toxicity etc.

For example, according to the methods of Patent Litera-
tures 1 and 7, it is necessary to remove a by-product after the
reaction. According to the methods of Patent Literatures 2, 3,
and 6, it is necessary to use a reducing agent that must be
handled with extreme care. Meanwhile, Patent Literatures 4
and 5 employ a safe reducing agent such as formic acid or
oxalic acid. However, the methods of Patent Literatures 4 and
5 involve problems that (i) a reduction reaction proceeds
slowly and (ii) a resulting inorganic iodide is small in amount
with respect to the amount of iodine initially contained in a
reaction system. That is, according to the methods of Patent
Literatures 4 and 5, a yield of the inorganic iodide is low. As
described above, according to the conventional methods, it is
necessary to (a) remove a reducing agent and/or by-product
and/or (b) use a reducing agent that must be handled with
extreme care. This contributes to an increase in the number of
complicated steps to be carried out to synthesize the inorganic
iodide. Under the circumstances, it has been desired to pro-
vide a simple and efficient method for producing the inor-
ganic iodide.

The present invention has been made in view of the above
problem, and an object of the present invention is to provide
a simple and efficient method of producing an inorganic
iodide.

In order to attain the above object, a method for producing
an inorganic iodide in accordance with the present invention
includes the step of: reacting a hydrogen iodide gas with an
inorganic base compound by bringing the hydrogen iodide
gas into contact with the inorganic base compound.

According to the above arrangement, it is possible to cause
the hydrogen iodide gas and the inorganic base compound to
undergo a good neutralization reaction merely by bringing
the hydrogen iodide gas into contact with the inorganic base
compound. Accordingly, it is possible to easily and efficiently
produce the inorganic iodide.

Inthe present invention, the hydrogen iodide gas can be not
only a 100% hydrogen iodide gas, but also a gas containing a
hydrogen iodide gas. Further, in the present invention, the
inorganic iodide refers to an inorganic compound which con-
tains at least one iodine atom.

The method in accordance with the present invention is
preferably arranged such that the inorganic base compound is
in a form of liquid.

According to the above arrangement, it is possible to carry
out gas-liquid contact between the hydrogen iodide gas and
the inorganic base compound. This improves efficiency of
contact and thus improves productivity.

The method in accordance with the present invention is
preferably arranged such that the hydrogen iodide gas con-
tains iodine by not more than 2 wt % with respect to a total
weight, of the hydrogen iodide gas, which is 100 wt %.
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According to the above arrangement, it is possible to use a
highly pure hydrogen iodide gas. Accordingly, there is no
need to purify the generated inorganic iodide so as to obtain
the highly pure inorganic iodide. In the present invention, the
“highly pure hydrogen iodide gas” refers to a hydrogen iodide
gas in which a content of a compound is low that can make
effect on a reaction between the hydrogen iodide gas and the
inorganic base compound.

Further, in the method in accordance with the present
invention, an amount of the impurity contained in the hydro-
gen iodide gas is preferably not more than 2 wt % with respect
to the total weight (100 wt %) of the hydrogen iodide gas. In
the Specification, the “impurity” refers to a substance that can
make effect on a reaction between the hydrogen iodide gas
and the inorganic base compound. Examples of the impurity
encompass (i) iodine (iodine molecules) contained in the
hydrogen iodide gas and (ii) a by-product produced in the
reaction in which the hydrogen iodide gas was obtained.

The method in accordance with the present invention is
preferably arranged such that the hydrogen iodide gas is
obtained by bringing a purification solution into contact with
a crude hydrogen iodide gas, the purification solution dissolv-
ing a substance, other than hydrogen iodide, contained in the
crude hydrogen iodide gas but not dissolving hydrogen
iodide.

According to the above arrangement, it is possible to feed
a more pure hydrogen iodide gas to a reaction system. In the
present invention, the “crude hydrogen iodide gas” refers to a
hydrogen iodide gas which has not undergone a treatment for
improving a purity of the hydrogen iodide gas since the gen-
eration of hydrogen iodide.

The method in accordance with the present invention is
preferably arranged such that the hydrogen iodide gas com-
prises a hydrogen iodide gas which is generated by bringing
a hydrogen gas into contact with a gaseous iodine under a
presence of a catalyst.

According to the above arrangement, it is possible to feed
a highly pure hydrogen iodide gas to the reaction system.

The method in accordance with the present invention is
preferably arranged such that the catalyst is such that at least
one type of platinum group elements is dispersed and sup-
ported on at least one of oxide and activated charcoal.

The method in accordance with the present invention is
preferably arranged such that the inorganic base compound
contains at least one of alkali metals and alkali earth metals.

According to the above arrangement, it is possible to pro-
duce, by a simple method, a highly pure alkali metal iodide
compound and a highly pure alkali earth metal iodide com-
pound.

The method in accordance with the present invention is
preferably arranged such that the inorganic base compound is
ammonia.

According to the above arrangement, it is possible to pro-
duce a highly pure ammonium iodide through a simple pro-
cess.

The method in accordance with the present invention is
preferably arranged such that in the step of reacting, a pH
value of a reaction system at a completion of the reaction is
not less than 1.50 but not more than 11.00.

According to the above arrangement, it is possible to obtain
a highly pure inorganic iodide.

An inorganic iodide in accordance with the present inven-
tion is produced by any of the methods described above.
According to this arrangement, it is possible to provide a
highly pure inorganic iodide at low cost.

In order to attain the above object, a system for producing
an inorganic iodide in accordance with the present invention
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4

includes: a generation section for generating a hydrogen
iodide gas by bringing a hydrogen gas into contact with a
gaseous iodine; and a reaction section for generating an inor-
ganic iodide by bringing the hydrogen iodide gas into contact
with an inorganic base compound, the hydrogen iodide gas
being generated in the generation section.

According to the above arrangement, it is possible to obtain
an effect similar to that of the method for producing an inor-
ganic iodide in accordance with the present invention. Fur-
ther, it is possible to feed a highly pure hydrogen iodide gas to
the reaction system.

It is preferable that the system in accordance with the
present invention further include: a purification section for
puritying the hydrogen iodide gas by bringing a purification
solution into contact with the hydrogen iodide gas, the hydro-
gen iodide gas being generated in the generation section, the
reaction section generating the inorganic iodide from the
hydrogen iodide gas which is purified in the purification
section.

According to the above arrangement, it is possible to feed
a more pure hydrogen iodide gas to the reaction system.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accompa-
nying drawing.

BRIEF DESCRIPTION OF DRAWING

FIG.1
FIG. 1 is a block diagram illustrating a production system
according to an embodiment of the present invention.

REFERENCE SIGNS LIST

10 Generation Section

12 Reaction Tower

14 Hydrogen Gas and Gaseous lodine
16 Crude Hydrogen lodide Gas
20 Purification Section

22 Filler-filled Tower

24 Tank

26 Hydrogen lodide Gas

28 Purification Solution

30 Reaction Section

32 Reaction Tower

34 Collection Tank

36 Inorganic lodide

DESCRIPTION OF EMBODIMENTS

Embodiment 1

A method of producing an inorganic iodide in accordance
with an embodiment of the present invention includes a step
of bringing a hydrogen iodide gas into contact with an inor-
ganic base compound. In this Specification, the inorganic
iodide refers to an inorganic compound having at least one (1)
iodine atom. Further, a “hydrogen iodide” refers to a hydro-
gen iodide in a form of gas, i.e., a hydrogen iodide gas, unless
otherwise stated. Furthermore, an “iodine” refers to an iodine
molecule (I,), unless otherwise stated.

[Hydrogen Iodide Gas]

Ahydrogeniodide gas used in a method in accordance with
the present embodiment refers to a gas containing hydrogen
iodide gas. That is, the hydrogen iodide gas used in the present
embodiment (hereinafter referred to merely as the hydrogen
iodide gas) is not limited to 100% hydrogen iodide gas. The
hydrogen iodide gas contains iodine by preferably not more
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than 2 wt % with respect to a total weight of the hydrogen
iodide gas. The hydrogen iodide gas containing iodine by this
amount is advantageous, because it is possible to produce a
highly pure inorganic iodide without post-process treatment
after synthesis of the inorganic iodide in order to achieve high
purity of inorganic iodide, such as (i) a reduction treatment for
removing unreacted iodine and (ii) a purification treatment.

The hydrogen iodide gas contains iodine more preferably
by not more than 1 wt %, further preferably by not more than
0.5 wt %, with respect to the total weight (100 wt %) of the
hydrogen iodide gas.

Further, in the present embodiment, an amount of an impu-
rity contained in the hydrogen iodide gas is preferably not
more than 2 wt % with respect to the total weight (100 wt %)
of the hydrogen iodide gas. In this Specification, the “impu-
rity” refers to a substance that can make effect on a reaction
between the hydrogen iodide gas and the inorganic base com-
pound. Examples of the impurity encompass (i) iodine (io-
dine molecule) contained in the hydrogen iodide gas and (ii)
a by-product produced in a reaction in which the hydrogen
iodide gas was obtained. That is, in the present embodiment,
the highly pure hydrogen iodide gas can be a hydrogen iodide
gas containing the impurity by not more than 2 wt % with
respect to the total weight (100 wt %) of the hydrogen iodide
gas.

In the Specification, the “impurity” refers to a substance
that can make effect on the reaction between the hydrogen
iodide gas and the inorganic base compound. Examples of the
impurity encompass (i) iodine (iodine molecule) contained in
the hydrogen iodide gas and (ii) the by-product produced in
the reaction in which the hydrogen iodide gas was obtained.

The hydrogen iodide gas used in the present embodiment
can be obtained by any of the commonly-known methods.
The hydrogen iodide gas can be used as a raw material in the
method of the present embodiment without a purification
treatment, if it is sufficiently pure. Alternatively, the raw
material in the method of the present embodiment can be a
hydrogen iodide gas obtained by purifying a crude hydrogen
iodide gas, if needed.

The following description deals with an exemplary method
of generating the hydrogen iodide gas and an exemplary
method of purifying the hydrogen iodide gas.

(Generation Method 1)

In Generation Method 1, it is discussed a method of gen-
erating the hydrogen iodide gas through a gas-phase catalytic
reduction reaction between iodine and hydrogen. According
to this method, an iodine in a form of gas is brought into
contact with a hydrogen gas under the presence of a catalyst.

The catalyst used here is preferably a platinum group ele-
ment dispersed and supported on at least one of oxide and
activated charcoal. Such a catalyst activates iodine and hydro-
gen, and thus makes it possible to quickly generate the hydro-
gen iodide even at relatively-low temperatures. It is also pos-
sible to improve a rate of conversion of iodine and a yield of
the resulting hydrogen iodide.

Examples of the platinum group element encompass plati-
num (Pt), palladium (Pd), ruthenium (Ru), osmium (Os),
iridium (Ir), and rhodium (Rh). Specific examples of oxide
encompass magnesium oxide, titanic oxide, silica, alumina,
cordierite, zirconia, silica-alumina, and zeolite. Specific
examples of activated charcoal encompass (i) plant-derived
activated charcoal obtained by activating wood chips, wood
powder, palm shells, walnut shells, or the like, (ii) mineral-
derived activated charcoal obtained by activating peat, coal
coke, tar, or the like, and (iii) activated charcoal obtained by
activating recycled fibers; natural materials such as rayon; or
synthetic materials such as phenol resin and acrylic resin.
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The platinum group element, serving as the catalyst, can be
used solely, or two or more kinds thereof can be used in
combination. One kind of each of oxide and activated char-
coal, serving as a support for the platinum group element, can
be used solely, or two or more kinds thereof can be used in
combination. Further, either one of oxide and activated char-
coal can be used solely, or both of them can be used in
combination.

The gas-phase catalytic reduction reaction is carried out at
a reaction temperature falling within a range of preferably
150° C. to 1000° C., more preferably 200° C. to 900° C., and
further preferably 250° C. to 850° C. Further, the gas-phase
catalytic reduction reaction is carried out at a gas hourly space
velocity falling within a range of preferably 300 to 10000
hr™!, more preferably 500 to 4000 hr™*. In this Specification,
the “gas hourly space velocity” represents a ratio of a volume
of the reactant gas to a volume of the catalyst per unit time
under standard conditions.

According to Generation Method 1, it is possible to easily
obtain a highly pure hydrogen iodide gas. The obtained
hydrogen iodide gas contains neither unreacted iodine nor a
gas, except for hydrogen. The hydrogen contained in the
obtained hydrogen iodide gas does not make effect for
example on the synthesis step of the inorganic iodide, and
thus itis not necessary to additionally carrying out a treatment
for isolating the hydrogen. Note however that even if the
hydrogen needs to be removed from the hydrogen iodide gas,
the hydrogen is easy to remove in such a manner that iodine is
removed from the hydrogen iodide gas and thereafter the
hydrogen iodide gas is cooled to a liquid.

(Generation Method 2)

Generation Method 2 is for example a method of generat-
ing the hydrogen iodide gas from red phosphorus, water, and
iodine. This method is a commonly-known method of pro-
ducing the hydrogen iodide gas. The hydrogen iodide gas
obtained by this method contains unreacted iodine, and may
further contain phosphoric acid in a form of gas, sulfuric acid
in the form of gas, or the like.

Therefore, in a case where the hydrogen iodide gas
obtained through Generation Method 2 is purified by a later-
described purification method, it is preferable to use, as a
purification solution, a solvent that is capable of dissolving
not only (i) iodine but also (ii) phosphoric acid or sulfuric
acid. One example of such a solvent is water.

(Purification Method)

The following description discusses a method of purifying,
if needed, the hydrogen iodide gas obtained through Genera-
tion Method 1 or Generation Method 2. This purification
treatment is for removing a substance (hereinafter may be
referred to as “impurity”), other than hydrogen iodide, con-
tained in the hydrogen iodide gas. Specifically, the purifica-
tion treatment is carried out by bringing (i) a crude hydrogen
iodide gas into gas-liquid contact with (ii) a purification solu-
tion that dissolves the impurity contained in the crude hydro-
gen iodide gas but does not dissolve hydrogen iodide. Note
here that the “impurity” has the same meaning as that
described earlier.

The purification solution is not limited to a particular kind,
provided that it (i) dissolves the impurity contained in the
hydrogen iodide gas but (ii) does not dissolve hydrogen
iodide. Preferred among those is a purification solution that is
capable of removing unreacted iodine. The reason thereof is
as follows. The unreacted iodine is difficult to separate from
hydrogen iodide, and may cause an adversely effect when the
obtained hydrogen iodide is used in another reaction. There-
fore, it is highly preferable that the unreacted iodide be
removed here.
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One example of such a purification solution is a saturated
hydrogen iodide solution. The saturated hydrogen iodide
solution dissolves iodine very well, but hardly dissolves
hydrogen iodide because the saturated hydrogen iodide solu-
tion is already saturated with hydrogen iodide.

A solvent of the saturated hydrogen iodide solution is not
limited to a particular kind, provided that the solvent dis-
solves hydrogen iodide. Examples of the solvent encompass
water, ketones, halogen aromatic compounds, ethers, and
alcohols. Alternatively, the solvent can be an aqueous solu-
tion containing iodide of alkali metal or an aqueous solution
containing iodide of alkali earth metal. Specific examples of
the solvent encompass water, acetone, chloroform, carbon
tetrachloride, benzene, toluene, xylene, petroleum ether,
dioxane, ethyl ether, methanol, a potassium iodide aqueous
solution, and a barium iodide aqueous solution. Particularly
preferred among those are water, the aqueous solution con-
taining iodide of alkali metal, the ketones, and the aromatic
compounds. Further more preferred among those is water,
because it is readily available at low cost.

Note that accurate temperature control is not necessary for
the saturated hydrogen iodide solution. The reason thereof is
as follows. Although hydrogen iodide generates heat of dis-
solution when being dissolved in a solvent (e.g., water), it is
quickly dissolved into the solvent and has high solubility in
the solvent.

The gas-liquid contact can be carried out by any method,
provided that the hydrogen iodide gas makes contact with the
purification solution. Therefore, the gas-liquid contact may
be carried out by a commonly-known method. For example,
the gas-liquid contact may be carried out by a method
employing a filler-filled tower (or a filler-filled tube) filled
with fillers as an absorption tower (or an absorption tube).
According to this method, the saturated hydrogen iodide solu-
tion and the hydrogen iodide gas make contact with each
other through countercurrent flow gas-liquid contact. The
countercurrent flow gas-liquid contact is such that the satu-
rated hydrogen iodide solution which is supplied from a top of
the filler-filled tower and flowed down makes contact with the
hydrogen iodide gas which is introduced from a downstream
end of the filler-filled tower. Alternatively, it is possible to
employ cocurrent flow gas-liquid contact, by which the
hydrogen iodide gas is introduced from an upstream end of
the filler-filled tower.

According to the method above, the impurity which may be
contained in the hydrogen iodide gas (e.g., unreacted iodine)
is absorbed into the purification solution when making con-
tact with the purification solution in the filler-filled tower.
Accordingly, it is possible to very easily obtain a highly pure
hydrogen iodide from a bottom of'the filler-filled tower, with-
out complicated processes. The purification solution having
absorbed the impurity such as the iodine can be returned to the
top of the filler-filled tower by using a circulating pump.

The fillers can be made of any material provided that (i) the
fillers are not eroded or are hardly eroded by any of iodine,
hydrogen iodide, and hydriodic acid, and then (ii) they
increase an area where the saturated hydrogen iodide solution
makes contact with the hydrogen iodide gas. Specific
examples of the material of the fillers are any kind of ceramic
and glass. Further, shapes of the fillers are not limited to a
particular kind. For example, each of the fillers can be in a
spherical shape, a cylindrical shape, or a ring shape. The
fillers having an identical shape can be used solely, and those
having different shapes can be used in combination. As well
as the fillers, the filler-filled tower is preferably made of a
material that is not eroded or is hardly eroded by any of
iodine, hydrogen iodide, and hydriodic acid.
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A size of the filler-filled tower can be determined as needed
depending on an amount of the hydrogen iodide gas which is
to be purified. Likewise, (i) an amount of the saturated hydro-
gen iodide solution to be used and (ii) a flow rate at which the
saturated hydrogen iodide solution flows can be determined
as needed depending on the size of the filler-filled tower to be
used (i.e., depending on the amount of the hydrogen iodide
gas which is to be purified).

The purification can be carried out by using a device
employing a batch purification tank, instead of using the
filler-filled tower above. This device is specifically a device of
blowing the hydrogen iodide gas, which includes the impu-
rity, into a purification tank containing the purification solu-
tion. The device also makes it possible to extremely-easily
obtain the highly pure hydrogen iodide without complicated
processes, because the impurity included in the hydrogen
iodide gas is dissolved and absorbed into the purification
solution in the purification tank.

It should be noted that the solubility of the impurity in the
purification solution is limited. Therefore, for example if the
purification solution is oversaturated with the impurity and
then the impurity starts separating out, then the purification
solution is preferably replaced with a new purification solu-
tion. This applies to both cases of using the filler-filled tower
and using the device employing the batch purification tank.
Note here that iodine dissolved in the purification solution is
preferably concentrated and then collected as a solid iodine.
The collected iodine can be re-used for the reaction in which
a hydrogen iodide is generated.

The purification method as above makes it possible to very
easily remove the impurity from the hydrogen iodide gas,
substantially without loss of the generated hydrogen iodide.
That is, it is possible to efficiently and very easily obtain the
highly pure hydrogen iodide gas.

[Inorganic Base Compound]

An inorganic base compound used in the present embodi-
ment can be neutralized with hydrogen iodide. One example
of the inorganic base compound is a compound which disso-
ciates or equilibrates in water to give a hydroxide ion (OH).
Preferred examples of the inorganic base compound are (i)
metal hydroxide, e.g., alkali metal, alkali earth metal, a rare
earth element, transition metal, and hydroxides of typical
elements such as aluminum and zinc, (ii) basic oxides of
metal, (iii) carbonates of metal such as a carbonate of alkali
metal, (iv) hydrogen carbonates of metal such as a hydrogen
carbonate of alkali metal, and (v) ammonia.

Especially preferred among those are the hydroxide of
alkali metal, the hydroxide of alkali earth metal, and ammo-
nia, because these are readily available at low cost. It is
preferable to use at least one of these inorganic base com-
pounds.

The inorganic base compound is used in the reaction (i) in
a form of solid, (ii) in a form of aqueous solution obtained by
dissolving the inorganic base compound completely in a sol-
vent such as water, or (iii) in a form of slurry obtained by
dispersing the inorganic base compound in water. It is par-
ticularly preferable that the inorganic base compound be used
in the reaction in the form of aqueous solution obtained by
dissolving the inorganic base compound in water. This is
described in detail in the following Reaction.

[Reaction]

According to a production method in accordance with the
present embodiment, the hydrogen iodide gas is brought into
contact with the inorganic base compound. That is, the
method in accordance with the present embodiment is a
method by which a targeted inorganic iodide is obtained by
making the hydrogen iodide gas and the inorganic base com-



US 9,272,922 B2

9

pound in contact with each other so that they undergo a
neutralization reaction. The neutralization reaction is repre-
sented by the following chemical equation (1), in a case where
the inorganic base compound is potassium hydroxide:

HI+KOH—-KI+H,0 o)

The reaction of the hydrogen iodide gas and the inorganic
base compound is preferably carried out by gas-liquid con-
tact, which employs the inorganic base compound in a form of
liquid (hereinafter may be referred to as “inorganic base
solution”). The gas-liquid contact is more preferable than
gas-solid contact because the gas-liquid contact improves
efficiency of contact and thus improves productivity.

In a case of the gas-liquid contact, a concentration of the
inorganic base solution is not limited provided that the inor-
ganic base solution has the inorganic base compound dis-
solved therein. It is preferable that the inorganic base solution
be saturated, because a necessary amount of a solvent is
extremely small. In a case of using the saturated inorganic
base solution, it is possible to save cost of raw materials.
Further, it is possible to reduce an energy amount required for
separating and collecting the inorganic iodide from a reactant
solution, thereby saving production cost. Note that a solvent
used here can be at least one of water and an alcohol.

The gas-liquid contact can be carried out by any of com-
monly-known methods. For example, the gas-liquid contact
can be carried out by bringing the hydrogen iodide gas into
contact with the inorganic base solution in a reaction tower
filled with fillers. Alternatively, the gas-liquid contact can be
carried out by blowing the hydrogen iodide gas into a tank
containing the inorganic base solution.

Meanwhile, in the case of the gas-solid contact, the hydro-
gen iodide gas is introduced into a glass tube, which is filled
with granular potassium hydroxide, so that they undergo a
reaction.

In the reaction of the present embodiment, a reaction tem-
perature is not particularly limited as long as the reaction
proceeds. On the other hand, a pH value is preferably con-
trolled so that the pH value of a reaction system at the comple-
tion of the reaction is not less than 1.50 but not more than
11.00. That is, in the case of the gas-liquid contact, a final pH
value of the reactant solution is preferably within the above
range. [fthe final pH value of the reactant solution is less than
1.50, then iodine or hydrogen iodide is likely to remain in a
finished product. That is, it is impossible to obtain a high-
quality potassium iodide. On the other hand, if the final pH
value of the reactant solution is more than 11.00, then iodate
is likely to remain in the finished product. That is, it is impos-
sible to obtain a high-quality inorganic iodide. The pH value
of the reactant solution at the completion of the reaction is
more preferably not less than 2.0 but not more than 10.00, and
further preferably not less than 2.00 but not more than 7.00.

The pH value of the reaction system can be controlled by
adding a acidic compound or an alkaline compound depend-
ing on the measured pH value. For example, the inorganic
base solution is added in a case where the measured pH value
is less than 1.50, whereas hydrogen iodide or organic acid is
added in a case where the measured pH value is more than
11.00.

Organic acid to be used is preferably reducible acid.
Examples of such organic acid encompass acid, hydrazine,
sulfurous acid, and phosphorous acid. The pH control by use
of such reducible acid stabilizes potassium iodide. Further,
the reducible acid not only controls the pH value, but also
removes unreacted iodine and prevents iodine from being
liberated as a result of decomposition of the inorganic iodide.
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Furthermore, it is possible to carry out, if needed, a reduc-
tion treatment after the completion of the reaction so as to
remove the unreacted iodine. The reduction treatment can be
a commonly-known reduction treatment, by which to add a
reducing agent such as formic acid and/or oxalic acid. The
reduction treatment should be carried out particularly in a
case where a hydrogen iodide gas, which contains iodine by 4
or more wt % with respect to the total weight of the gasses
used in the reaction system, is used in the reaction without the
purification.

According to the production method of the present
embodiment, the hydrogen iodide gas and the inorganic base
compound are brought into contact with each other. Accord-
ingly, it is possible to easily and efficiently obtain a highly
pure inorganic iodide. In addition, if the hydrogen iodide gas
used in this method has a high purity, then it is possible to
produce the highly pure inorganic iodide without an addi-
tional purification step.

Embodiment 2

The following description deals with a production system
of'an inorganic iodide in accordance with the present embodi-
ment.

A system for producing an inorganic iodide in accordance
with one embodiment of the present invention includes:

a generation section for generating a hydrogen iodide gas
by bringing a hydrogen gas into contact with a gaseous
iodine; and

a reaction section for bringing the hydrogen iodide gas into
contact with an inorganic base compound.

The system in accordance with the present embodiment
preferably further includes a purification section for purifying
the hydrogen iodide gas generated in the generation section.

The system in accordance with the present embodiment is
described with reference to FIG. 1. FIG. 1 is a block diagram
illustrating the system in accordance with the present
embodiment. The system in accordance with the present
embodiment includes a hydrogen iodide gas generation sec-
tion 10, a purification section 20, and a reaction section 30.
(Generation Section)

The hydrogen iodide gas generation section 10 includes a
reaction tower 12 in which the hydrogen gas is reacted with
iodine. The reaction tower 12 includes a catalyst layer 12a.
The hydrogen gas and a gaseous iodine 14 are supplied into
the reaction tower 12 from a bottom of the reaction tower 12
s0 as to generate a crude hydrogen iodide gas 16. Then, the
crude hydrogen iodide gas 16 thus generated comes out of the
reaction tower 12 from a top of the reaction tower 12. The
catalyst laser 124 is filled with a catalyst which is same as that
described in Embodiment 1. Further, on an outer surface of
the reaction tower 12, a heating device (e.g., heating furnace
or oil bath) is provided.

(Purification Section)

The purification section 20 includes (i) a filler-filled tower
22 which is filled with fillers and (ii) a tank 24 containing a
purification solution. In the filler-filled tower 22, the crude
hydrogen iodide gas 16 generated in the generation section 10
is brought into gas-liquid contact with the purification solu-
tion. The purification solution used here can be same as that
described in Embodiment 1.

In the purification section 20, the purification solution 28
contained in the tank 24 is supplied into the filler-filled tower
22 from a top of the filler-filled tower 22 and is then drained
out of the filler-filled tower 22 from a bottom of the filler-
filled tower 22. The purification solution 28 thus drained out
is then collected in the tank 24. That is, the purification
solution 28 circulates between the tank and the filler-filled
tower 22. Meanwhile, the crude hydrogen iodide gas 16 gen-
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erated in the generation section 10 is supplied to the filler-
filled tower 22 from the bottom (downstream end) of the
filler-filled tower 22. The crude hydrogen iodide gas then
makes gas-liquid contact with the purification solution 28 in
the filler-filled tower 22, and then comes out of the filler-filled
tower 22 from the top of the filler-filled tower 22. In this way,
the hydrogen iodide gas is brought into contact with the
purification solution. As such, it is possible to remove unre-
acted iodine contained in the hydrogen iodide gas, thereby
obtaining a highly pure hydrogen iodide gas 26.

Alternatively, the purification section 20 can be configured
such that (i) the hydrogen iodide gas is directly blown into a
tank containing a purification solution so that an impurity
included in the hydrogen iodide gas is removed in the tank,
and then (ii) the hydrogen iodide gas, from which the impu-
rity has been removed, is collected.

(Reaction Section)

The reaction section 30 includes (i) a reaction tower 32 in
which the hydrogen iodide gas is brought into contact with the
inorganic base compound and (ii) a collection tank 34 which
collects a product obtained in the reaction. The reaction tower
32 receives an inorganic base solution 38 supplied from an
upstream end of the reaction tower 32. Meanwhile, the reac-
tion tower 32 receives the hydrogen iodide gas 26 which
crosses a flow path of the inorganic base solution 38. The
inorganic base solution 38 and the hydrogen iodide gas 26 are
brought into gas-liquid contact with each other in the reaction
tower 32 to undergo a neutralization reaction. In this way, an
inorganic iodide 36 is obtained. The obtained inorganic
iodide 36 is collected, as an inorganic iodide solution, in the
collection tank 34. On an outer surface of the reaction tower
32, a temperature control system for controlling a tempera-
ture of the reaction system is provided. The temperature con-
trol system is for example a cooling system.

Then, a solvent of the inorganic iodide solution collected in
the collection tank 34 is distilled away. In this way, a desired
inorganic iodide is obtained.

Alternatively, the reaction section 30 can be configured
such that the hydrogen iodide gas 26 is directly blown into a
tank containing an inorganic base solution.

According to the system in accordance with the present
embodiment, it is possible to easily and efficiently produce a
highly pure hydrogen iodide gas that is suitably applicable for
areaction with the inorganic base compound. In addition, it is
possible to bring the resulting hydrogen iodide gas into con-
tact with the inorganic base compound without exposure to
air.

EXAMPLE
Example 1

(Generation of Crude Hydrogen Iodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum catalyst of 350° C. The platinum
catalyst was such that platinum was supported on alumina
particles (i.e., supports) having a particle diameter of 3 mm, in
aratio of 1 gofplatinum to 1 L ofthe alumina particles. In this
way, a hydrogen iodide gas was generated. The generated
hydrogen iodide gas contained unreacted iodine and hydro-
gen iodide in a weight ratio of 2 to 98 (rest of the hydrogen
iodide gas was hydrogen).

(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
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hydrogen iodide solution was supplied into the absorption
tube from a top of the absorption tube by using a pump so that
the saturated hydrogen iodide solution flowed down to a
bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from the bottom of the absorption tube in
order for the unreacted iodine to be dissolved into the satu-
rated hydrogen iodide solution. In this way, the unreacted
iodine was absorbed into the saturated hydrogen iodide solu-
tion.

(Evaluation of Hydrogen Iodide Gas)

Thehydrogen iodide gas which has come out of the absorp-
tion tube was absorbed into water, and collected as a hydro-
gen iodide solution. The obtained hydrogen iodide solution
was measured for its iodine content and hydrogen iodide
content by titration using a sodium thiosulfate solution and a
sodium hydroxide solution, respectively. As a result, the
hydrogen iodide solution contained iodine and hydrogen
iodide in a weight ratio 0 0.01 to 99.99. Note here that a rate
of generation of the hydrogen iodide was 0.00656 mol/min.

(Reaction with Inorganic Base Compound)

First, (1) 20.1 g of 48 wt % potassium hydroxide solution
prepared from 96 wt %-pure potassium hydroxide and (ii)
100 g of ion-exchange water were introduced into a 200 ml
four-neck flask. Next, the hydrogen iodide gas obtained ear-
lier was blown into the four-neck flask, where hydrogen
iodide and potassium hydroxide undergo a neutralization
reaction. Note here that the hydrogen iodide gas was blown
into the four-neck flask while checking a pH value of a reac-
tant solution by using a pH meter, and the blow was stopped
when the pH value of the reactant solution reached 5.72.
Then, the reactant solution was transferred to a rotating
evaporator, by which the reactant solution was completely
concentrated and 110 g of water was collected. Thereafter, the
concentrated product was well dried, so that 27.8 g of color-
less potassium iodide was obtained as a solid product. A yield
of'the potassium iodide was 97.2% with respect to the amount
of potassium hydroxide which was initially contained.

(Evaluation of Potassium lodide)

The solid product obtained earlier was measured for its
purity by titration using a potassium iodate solution. As a
result, the purity was 99.8 wt %. Further, the solid product
was checked visually for its color to find that it was white.
This means that the solid product contained no iodine. Fur-
thermore, 1 g of the solid product was dissolved in 40 ml of
water to obtain a solution, and then 1 ml of chloroform was
added to 5 ml of the solution. The solution was shaken well to
find that a color of a chloroform phase was not purple. More-
over, 1 g of the solid product was dissolved in 20 ml of water
containing no dissolved oxygen so as to obtain a solution, and
then 1 ml of starch solution was added to the solution. There-
after, 0.3 ml of 0.5 mol/l sulfuric acid was added to the
solution at a controlled temperature of approximately 15° C.,
and the solution was allowed to stand for aminute. As a result,
it was found that a color of the solution was not blue. This
means that the solid product contained no potassium iodate.
Furthermore, 5 g of the solid product was dissolved in 100 ml
of water containing no carbon dioxide, so as to obtain a
solution. Then, a pH value of the solution was measured by
using a pH meter to find that the pH value was 6.76. Each of
these results satisfied its corresponding values specified by
Japanese Industrial Standards (JIS).



US 9,272,922 B2

13
Example 2

(Generation of Crude Hydrogen Iodide Gas)

First, water (300 g; 16.7 mol) and red phosphorus (31 g;
1.00 mol) were introduced into a four-neck flask to obtain a
mixture. The mixture was cooled to 0° C. with stirring. Next,
iodine (634.5 g; 2.50 mol) was added to the mixture in ten
portions, and the mixture was reacted for 4 hours. In this way,
ahydrogen iodide was synthesized. Then, the four-neck flask
was heated under a normal pressure with a flow of a nitrogen
gas inside thereof at 30 ml/min so that excess of the hydrogen
iodide turned into a hydrogen iodide gas. Note that the excess
ot hydrogen iodide here refers to an amount, of the hydrogen
iodide, by which the hydrogen iodide contained in water
excesses an azeotropic composition between the hydrogen
iodide and the water (57 wt % of the hydrogen iodide with
respect to the water) under a normal pressure.

The hydrogen iodide gas obtained earlier was absorbed
into water, and then was measured for its iodine content and
hydrogen iodide content by titration using a sodium thiosul-
fate solution and a sodium hydroxide solution, respectively.
As a result, the hydrogen iodide gas contained iodine and
hydrogen iodide in a weight ratio of 0.7 to 99.3.
(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
hydrogen iodide solution was supplied into the absorption
tube from a top of the absorption tube by using a pump so that
the saturated hydrogen iodide solution flowed down to a
bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from the bottom of the absorption tube in
order for the unreacted iodine to be dissolved into the satu-
rated hydrogen iodide solution. In this way, the unreacted
iodine was absorbed into the saturated hydrogen iodide solu-
tion.

(Evaluation of Hydrogen lodide Gas)

The hydrogen iodide gas which has come out of the absorp-
tion tube was absorbed into water, and collected as a hydro-
gen iodide solution. The obtained hydrogen iodide solution
was measured for its iodine content and hydrogen iodide
content by titration using a sodium thiosulfate solution and a
sodium hydroxide solution, respectively. As a result, the
hydrogen iodide solution contained iodine and hydrogen
iodide in a weight ratio of 0.01 to 99.99.

(Reaction with Inorganic Base Compound)

The purified hydrogen iodide gas and a potassium hydrox-
ide solution underwent a neutralization reaction to give potas-
sium iodide, in the same manner as in Example 1. A yield of
potassium iodide was 96.8%.

(Evaluation of Potassium lodide)

The potassium iodide obtained earlier was measured for (i)
its purity, (ii) its iodine content and potassium iodate content,
and (iii) a pH value of an aqueous solution thereof, in the same
manner as in Example 1. As a result, the purity was 99.6 wt %.
Meanwhile, neither iodine nor potassium iodate was
detected. The pH value of the aqueous solution of the potas-
sium iodide was 6.80. Each of these results satisfied its cor-
responding values specified by JIS.

Example 3
(Generation of Crude Hydrogen Iodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
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presence of a platinum group catalyst of 350° C. In this way,
a hydrogen iodide gas was generated. The generated hydro-
gen iodide gas contained unreacted iodine and hydrogen
iodide in a weight ratio 0f 2 to 98 (Rest of the hydrogen iodide
gas was hydrogen).

(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
hydrogen iodide solution was supplied into the absorption
tube from a top portion of the absorption tube by using a pump
so that the saturated hydrogen iodide solution flowed down to
a bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from the bottom of the absorption tube in
order for the unreacted iodine to be dissolved into the satu-
rated hydrogen iodide solution. In this way, the unreacted
iodine was absorbed into the saturated hydrogen iodide solu-
tion.

(Measurement of Hydrogen lodide Gas)

Thehydrogen iodide gas which has come out of the absorp-
tion tube was absorbed into water, and collected as a hydro-
gen iodide solution. The obtained hydrogen iodide solution
was measured for its iodine content and hydrogen iodide
content by titration using a sodium thiosulfate solution and a
sodium hydroxide solution, respectively. As a result, the
hydrogen iodide solution contained iodine and hydrogen
iodide in a weight ratio 0 0.01 to 99.99. Note here that a rate
of generation of the hydrogen iodide was 0.00656 mol/min.
(Reaction with Inorganic Base Compound)

First, (i) 200 ml of ion-exchange water and (ii) 54.0 g of
barium hydroxide octahydrate were introduced into a 300 ml
four-neck flask so as to obtain a mixture solution. Next, the
hydrogen iodide gas obtained earlier was blown into the mix-
ture solution at a controlled temperature of not more than 60°
C. so that the mixture solution and the hydrogen iodide gas
underwent a neutralization reaction. Note here that the hydro-
gen iodide gas was blown into the mixture solution (reactant
solution) while checking a pH value of the reactant solution
by using a pH meter, and the blow was stopped when the pH
value of the reactant solution reached 6.05.

Then, the reactant solution was transferred to a rotating
evaporator, by which water in the reactant solution was
removed under a reduced pressure so that the reactant solu-
tion was concentrated. At the completion of the concentra-
tion, it was found in the four-neck flask that crystals of barium
iodide dehydrate were separated out in a form of slurry. The
slurry was separated into liquid and solid products through
absorption filtration by using a Buchner funnel, so as to obtain
moist crystals. The moist crystals were dried under a reduced
pressure at 60° C., so as to obtain 70 g of barium iodide
dehydrate as a white-colored solid product. A yield of the
solid barium iodide dehydrate was 95.8% with respect to the
amount of barium hydroxide octahydrate which was initially
contained.

(Evaluation of Barium lodide Dehydrate)

The white-colored solid product obtained earlier was mea-
sured for its purity by silver nitrate titration. As a result, the
purity was 99.6 wt %.

Example 4

(Generation of Crude Hydrogen lodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum group catalyst of 350° C. In this way,
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a hydrogen iodide gas was generated. The generated hydro-
gen iodide gas contained unreacted iodine and hydrogen
iodide in a weight ratio of 2 to 98 (rest of the hydrogen iodide
gas was hydrogen).

(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
hydrogen iodide solution was supplied into the absorption
tube from a top of the absorption tube by using a pump so that
the saturated hydrogen iodide solution flowed down to a
bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from the bottom of the absorption tube in
order for the unreacted iodine to be dissolved into the satu-
rated hydrogen iodide solution. In this way, the unreacted
iodine was absorbed into the saturated hydrogen iodide solu-
tion.

(Evaluation of Hydrogen lodide Gas)

The hydrogen iodide gas which has come out of the absorp-
tion tube was absorbed into water, and collected as a hydro-
gen iodide solution. The obtained hydrogen iodide solution
was measured for its iodine content and hydrogen iodide
content by titration using a sodium thiosulfate solution and a
sodium hydroxide solution, respectively. As a result, the
hydrogen iodide solution contained iodine and hydrogen
iodide in a weight ratio of 0.01 to 99.99. Note here that a rate
of generation of the hydrogen iodide was 0.00656 mol/min.
(Reaction with Inorganic Base Compound)

The hydrogen iodide gas purified earlier was blown into a
200 ml four-neck flask containing a 25 wt % ammonia water
(100 g; 1.47 mol) so that the hydrogen gas and the ammonia
water underwent a neutralization reaction. Note here that the
hydrogen iodide gas was blown into the four-neck flask while
checking a pH value of a reactant solution by using a pH
meter, and the blow was stopped when the pH value of the
reactant solution reached 7.90.

Then, the reactant solution was transferred to a rotating
evaporator, by which water in the reactant solution was
removed under a reduced pressure so that the reactant solu-
tion was concentrated. At the completion of the concentra-
tion, it was found in the flask that crystals of ammonium
iodide were separated out in a form of slurry. The slurry was
separated into liquid and solid products through absorption
filtration by using a Buchner funnel, so as to obtain moist
crystals. The moist crystals were dried at a reduced pressure
at 60° C. so as to obtain 204 g of white-colored ammonium
iodide. A yield of the ammonium iodide was 95.7% with
respect to the amount of ammonia which was initially con-
tained.

(Evaluation of Ammonium lodide)

The ammonium iodide was measured for its purity by
potassium iodate titration. As a result, the purity was 99.3 wt
%.

Example 5

(Generation of Crude Hydrogen Iodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum group catalyst of 350° C. In this way,
a hydrogen iodide gas was generated. The generated hydro-
gen iodide gas contained unreacted iodine and hydrogen
iodide in a weight ratio of 2 to 98 (rest of the hydrogen iodide
gas was hydrogen).
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(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
hydrogen iodide solution was supplied into the absorption
tube from a top of the absorption tube by using a pump so that
the saturated hydrogen iodide solution flowed down to a
bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from the bottom of the absorption tube in
order for the unreacted iodine to be dissolved into the satu-
rated hydrogen iodide solution. In this way, the unreacted
iodine was absorbed into the saturated hydrogen iodide solu-
tion.

(Evaluation of Hydrogen Iodide Gas)

Thehydrogen iodide gas which has come out of the absorp-
tion tube (that is, hydrogen iodide) was absorbed into water,
and collected as a hydrogen iodide solution. The obtained
hydrogen iodide solution was measured for its iodine content
and hydrogen iodide content by titration using a sodium thio
sulfate solution and a sodium hydroxide solution, respec-
tively. As a result, the hydrogen iodide solution contained
iodine and hydrogen iodide in a weight ratio 0o£0.01 to 99.99.
(Reaction with Inorganic Base Compound)

First, (1) 20.1 g of 48 wt % potassium hydroxide solution
prepared from 96 wt %-pure potassium hydroxide and (ii)
100 g of ion-exchange water were introduced into a 200 ml
four-neck flask. Next, the hydrogen iodide gas obtained ear-
lier was blown into the four-neck flask, where hydrogen
iodide and potassium hydroxide underwent a neutralization
reaction. Note here that the hydrogen iodide gas was blown
into the four-neck flask while checking a pH value of a reac-
tant solution by using a pH meter, and the blow was stopped
when the pH value of the reactant solution reached 10.84.
Then, the reactant solution was transferred to a rotating
evaporator, by which the reactant solution was completely
concentrated and 110 g of water was collected. Thereafter, the
concentrated product was well dried, so that 27.8 g of solid
potassium iodide was obtained. A yield of potassium iodide
was 97.5 wt % with respect to the amount of potassium
hydroxide which was initially contained.

(Evaluation of Potassium lodide)

The solid product obtained earlier was evaluated in the
same manner as in Example 1. As a result, a purity of the solid
potassium iodide was 99.5 wt %. Meanwhile, neither iodine
nor potassium iodate was detected. A pH value of an aqueous
solution of the solid potassium iodide was 9.72.

Example 6

(Generation of Crude Hydrogen lodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum catalyst of 350° C. The platinum
catalyst was such that platinum was supported on alumina
particles (i.e., supports) having a particle diameter of 3 mm, in
aratio of 1 gofplatinum to 1 L ofthe alumina particles. In this
way, a hydrogen iodide gas was generated. The generated
hydrogen iodide gas contained unreacted iodine and hydro-
gen iodide in a weight ratio of 2 to 98 (rest of the hydrogen
iodide gas was hydrogen).

(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
hydrogen iodide solution was supplied into the absorption
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tube from a top of the absorption tube by using a pump so that
the saturated hydrogen iodide solution flowed down to a
bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from the bottom of the absorption tube so
that the unreacted iodine was absorbed into the saturated
hydrogen iodide solution.

(Evaluation of Hydrogen lodide Gas)

The hydrogen iodide gas which has come out of the absorp-
tion tube was absorbed into water, and collected as a hydro-
gen iodide solution. The obtained hydrogen iodide solution
was measured for its iodine content and hydrogen iodide
content by titration using a sodium thiosulfate solution and a
sodium hydroxide solution, respectively. As a result, the
hydrogen iodide solution contained iodine and hydrogen
iodide in a weight ratio of 0.01 to 99.99. Note here that a rate
of generation of the hydrogen iodide was 0.00656 mol/min.
(Reaction with Inorganic Base Compound)

First, (1) 20.1 g of 48 wt % potassium hydroxide solution
prepared from 96 wt %-pure potassium hydroxide and (ii)
100 g of ion-exchange water were introduced into a 200 ml
four-neck flask. Next, the hydrogen iodide gas obtained ear-
lier was blown into the four-neck flask, where hydrogen
iodide and potassium hydroxide underwent a neutralization
reaction. Note here that the hydrogen iodide gas was blown
into the four-neck flask while checking a pH value of a reac-
tant solution by using a pH meter, and the blow was stopped
when the pH value of the reactant solution reached 11.62.
Then, the reactant solution was transferred to a rotating
evaporator, by which the reactant solution was completely
concentrated. Thereafter, the concentrated product was well
dried, so that 27.7 g of colorless potassium iodide was
obtained. A yield of the potassium iodide was 97.0% with
respect to the amount of potassium hydroxide which was
initially contained.

(Evaluation of Potassium lodide)

The potassium iodide obtained earlier was evaluated in the
same manner as in Example 1. As a result, a purity of the
potassium iodide was 97.4 wt %. Although iodine was not
detected, potassium iodate was detected. A pH value of an
aqueous solution of the potassium iodide was 10.61.

Example 7

(Generation of Crude Hydrogen Iodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum catalyst of 350° C. The platinum
catalyst was such that platinum was supported on alumina
particles (i.e., supports) having a particle diameter of 3 mm, in
aratio of 1 gofplatinum to 1 L ofthe alumina particles. In this
way, a hydrogen iodide gas was generated. The generated
hydrogen iodide gas contained unreacted iodine and hydro-
gen iodide in a weight ratio of 2 to 98 (rest of the hydrogen
iodide gas was hydrogen).

(Purification of Hydrogen lodide Gas)

First, a vertical glass absorption tube (hereinafter may be
referred to merely as an absorption tube) filled with 20 ml of
ring-shaped magnetic fillers was prepared. Next, a saturated
hydrogen iodide solution was supplied into the absorption
tube from a top of the absorption tube by using a pump so that
the saturated hydrogen iodide solution flowed down to a
bottom of the absorption tube. Note that a flow rate of the
saturated hydrogen iodide solution here was 50 ml/min. Then,
the hydrogen iodide gas obtained earlier was introduced into
the absorption tube from a top part thereof but slightly lower
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than a part through which the saturated hydrogen iodide solu-
tion was supplied. In this way, the unreacted iodine was
absorbed into the saturated hydrogen iodide solution.
(Evaluation of Hydrogen Iodide Gas)

Thehydrogen iodide gas which has come out of the absorp-
tion tube was absorbed into water, and collected as a hydro-
gen iodide solution. The obtained hydrogen iodide solution
was measured for its iodine content and hydrogen iodide
content by titration using a sodium thiosulfate solution and a
sodium hydroxide solution, respectively. As a result, the
hydrogen iodide solution contained iodine and hydrogen
iodide in a weight ratio 0 0.01 to 99.99. Note here that a rate
of generation of the hydrogen iodide was 0.00656 mol/min.
(Reaction with Inorganic Base Compound)

First, (1) 20.1 g of 48 wt % potassium hydroxide solution
prepared from 96 wt %-pure potassium hydroxide and (ii)
100 g of ion-exchange water were introduced into a 200 ml
four-neck flask. Next, the hydrogen iodide gas obtained ear-
lier was blown into the four-neck flask, where hydrogen
iodide and potassium hydroxide underwent a neutralization
reaction. Note here that the hydrogen iodide gas was blown
into the four-neck flask while checking a pH value of a reac-
tant solution by using a pH meter, and the blow was stopped
when the pH value of the reactant solution reached 1.05.
Then, the reactant solution was transferred to a rotating
evaporator, by which the reactant solution was completely
concentrated. Thereafter, the concentrated product was well
dried, so that 28.3 g of light yellow-colored potassium iodide
was obtained. A yield of the potassium iodide was 99.1 wt %
with respect to the amount of potassium hydroxide which was
initially contained.

(Evaluation of Potassium lodide)

The potassium iodide obtained earlier was evaluated in the
same manner as in Example 1. As a result, a purity of the
potassium iodide was 99.4 wt %. Meanwhile, iodine was
detected. A pH value of an aqueous solution of the potassium
iodide was 4.41. Note that it was not able to check whether or
not potassium iodate was contained, because the method
described in JIS is unable to measure a sample containing
iodine due to its measurement principle.

Example 8

(Generation of Crude Hydrogen lodide Gas)

A hydrogen gas (flow rate: 450 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum catalyst of 350° C. The platinum
catalyst was such that platinum was supported on alumina
particles (i.e., supports) having a particle diameter of 3 mm, in
aratio of 1 gofplatinum to 1 L ofthe alumina particles. In this
way, a hydrogen iodide gas was generated. The generated
hydrogen iodide gas contained unreacted iodine and hydro-
gen iodide in a weight ratio of 2 to 98 (rest of the hydrogen
iodide gas was hydrogen). Note here that a rate of generation
of the hydrogen iodide was 0.00656 mol/min.

(Reaction with Inorganic Base Compound)

First, (1) 20.1 g of 48 wt % potassium hydroxide solution
prepared from 96 wt %-pure potassium hydroxide and (ii)
100 g of ion-exchange water were introduced into a 200 ml
four-neck flask. Next, the hydrogen iodide gas, containing the
unreacted iodine, obtained earlier was blown into the four-
neck flask, where hydrogen iodide and potassium hydroxide
underwent a neutralization reaction. Note here that the hydro-
gen iodide gas was blown into the four-neck flask while
checking a pH value of a reactant solution by using a pH
meter, and the blow was stopped when the pH value of the
reactant solution reached 6.95. Then, 0.56 g of 14 wt %
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formic acid solution was added to the reactant solution, and
then 0.15 g of 48 wt % potassium hydroxide solution was
added to the reactant solution. A pH value of the reactant
solution here was 12.67. Thereafter, the reactant solution was
put in a hot water bath, and the hot water bath was boiled for
4 hours. After 4 hours, the reactant solution was cooled down
and measured for its pH value. The pH value of the reactant
solution here was 3.66. Then, the reactant solution was trans-
ferred to a rotating evaporator, by which the reactant solution
was completely concentrated. Thereafter, the concentrated
product was well dried, so that 27.5 g of white-colored potas-
sium iodide was obtained. A yield of the potassium iodide
was 96.9 wt % with respect to the amount of potassium
hydroxide which was initially contained.

(Evaluation of Potassium lodide)

The potassium iodide obtained earlier was evaluated in the
same manner as in Example 1. As a result, a purity of the
potassium iodide was 99.5 wt %. Meanwhile, neither iodine
nor potassium iodate was detected. A pH value of an aqueous
solution of the potassium iodide was 6.69.

Reference Example 9

(Generation of Crude Hydrogen Iodide Gas)

A hydrogen gas (flow rate: 75 ml/min) was brought into
contact with a gaseous iodine (flow rate: 75 ml/min) under the
presence of a platinum catalyst of 350° C. The platinum
catalyst was such that platinum was supported on alumina
particles (i.e., supports) having a particle diameter of 3 mm, in
aratio of 1 gofplatinum to 1 L ofthe alumina particles. In this
way, a hydrogen iodide gas was generated. The generated
hydrogen iodide gas contained unreacted iodine and hydro-
gen iodide in a weight ratio of 4.3 t0 95.7 (rest of the hydrogen
iodide gas was hydrogen). Further, note here that a rate of
generation of the hydrogen iodide was 0.00641 mol/min.
(Reaction with Inorganic Base Compound)

First, (1) 20.1 g of 48 wt % potassium hydroxide solution
prepared from 96 wt %-pure potassium hydroxide and (ii)
100 g of ion-exchange water were introduced into a 200 ml
four-neck flask. Next, the hydrogen iodide gas, containing the
unreacted iodine, obtained earlier was blown into the four-
neck flask, where hydrogen iodide and potassium hydroxide
underwent a neutralization reaction. Note here that the hydro-
gen iodide gas was blown into the four-neck flask while
checking a pH value of a reactant solution by using a pH
meter, and the blow was stopped when the pH value of the
reactant solution reached 5.70. Then, the reactant solution
was transtferred to a rotating evaporator, by which the reactant
solution was completely concentrated. Thereafter, the con-
centrated product was well dried, so that 28.1 g of brown-
colored potassium iodide was obtained. A yield of the potas-
sium iodide was 98.2 wt % with respect to the amount of
potassium hydroxide which was initially contained.
(Evaluation of Potassium lodide)

The potassium iodide obtained earlier was measured for it
purity in the same manner as in Example 1. As a result, the
purity was 97.2 wt %.

Further, a pH value of an aqueous solution of the potassium
iodide was measured, and found to be 7.01. Furthermore,
iodine was detected in the same manner as in Example 1. Note
that it was not able to or not potassium iodate was contained,
because a sample containing iodine could not be measured
according to the measurement principle specified in the JIS
Act.

Comparative Example 1

First, (i) 113 g of pure water, (ii) 138 g of 48 wt % potas-
sium hydroxide solution, and (iii) 150 g of iodine were intro-
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duced into a 300 m1 four-neck flask so as to obtain a mixture.
The mixture was stirred. Next, 32 g of 88 wt % formic acid
was dropped into the mixture over 15 minutes, while stirring
the mixture at a controlled temperature falling within a range
01'30° C. 10 40° C. After spontaneous heating was stopped, the
mixture was heated to a temperature falling within a range of
100° C.to 105° C. by using a mantle heater. Then, the mixture
was aged over 2 hours, so as to obtain an aged solution. The
aged solution was transferred to a rotating evaporator, by
which the aged solution was concentrated. The concentrated
product was well dried, so that 190.0 g of solid product was
obtained. The solid product was slightly colored purple. The
solid product in whole was dissolved into 100 g of pure water,
s0 as to obtain a mixture solution. Then, 0.6 g of powdered
activated carbon was added to the mixture solution. The mix-
ture solution was then stirred for 30 minutes. Thereafter, the
mixture solution was filtered under a reduced pressure so as to
filter out the activated carbon. As a result, a filtrate was
obtained. The filtrate was again put into the rotating evapo-
rator, by which water contained therein was removed. As a
result, 189 g of white-colored solid product was obtained. The
solid product contained potassium iodide by 96.4 wt %. Fur-
ther, the solid product contained potassium iodate by 3.0 wt
%.

Comparative Example 2

The same processes as in Comparative Example 1 were
carried out except that a time taken for the reaction was 6
hours. As a result, 191 g of white-colored solid product was
obtained. The solid product contained potassium iodide by
99.5 wt %. On the other hand, potassium iodate was not
detected.

Examples 1 through 8 and Reference Example 9 demon-
strated that it was possible to obtain a highly pure inorganic
iodide through simple processes. Further, a comparison
between (i) Examples 1 and 2 and (ii) Examples 5, 6, and 7
demonstrated that it was possible to obtain, by controlling a
pH value of the reaction system, a potassium iodide which
satisfied values specified by JIS regarding the pH value and
the iodine content and potassium iodate content. Further-
more, a comparison between (a) Reference Example 9 and (b)
Examples 1 and 2 demonstrated that it was possible to obtain
apotassium iodide which satisfied the values specified by JIS,
by suppressing an unreacted iodine content of the hydrogen
iodide gas to not more than 4 wt %.

Moreover, Examples 1 through 8 and Reference Example
9, which employed simpler processes than Comparative
Examples 1 and 2, were found to be more efficient in reaction
than Comparative Examples 1 and 2.

According to amethod for producing an inorganic iodide in
accordance with the present invention, it is possible to easily
and efficiently produce a highly pure inorganic iodide by
bringing a hydrogen iodide gas into contact with an inorganic
base compound.

The embodiments discussed in the foregoing description of
embodiments and concrete examples serve solely to illustrate
the technical details of the present invention, which should
not be narrowly interpreted within the limits of such embodi-
ments and concrete examples, but rather may be applied in
many variations within the spirit of the present invention,
provided such variations do not exceed the scope of the patent
claims set forth below.

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to effi-
ciently produce, by a simple method, an inorganic iodide
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which is suitably applicable for (i) use as raw materials of
pharmaceutical agents, (ii) use in photosensitizing agents of
film, or (iii) use in a liquid crystal display.

The invention claimed is:

1. A method for producing an inorganic iodide, comprising

the step of:

a) contacting a saturated hydrogen iodide solution with
crude hydrogen iodide gas comprising iodine gas and
hydrogen iodide gas, wherein the contacting results in
separation of the iodine gas from the hydrogen iodide
£as,

b) collecting the hydrogen iodide gas separated from the
iodine gas, the collected hydrogen iodide gas containing
iodine molecules by not more than 2 wt % with respect
to a total weight, of the hydrogen iodide gas, which is
100 wt %,

¢) reacting the collected hydrogen iodide gas with an inor-
ganic base compound by bringing the hydrogen iodide
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gas into contact with the inorganic base compound,
wherein said reacting results in production of an inor-
ganic iodide.

2. The method according to claim 1, wherein the inorganic
base compound is in a form of liquid.

3. The method according to claim 1, wherein the hydrogen
iodide gas comprises a hydrogen iodide gas which is gener-
ated by bringing a hydrogen gas into contact with a gaseous
iodine under a presence of a catalyst.

4. The method according to claim 3, wherein the catalyst is
such that at least one type of platinum group elements is
dispersed and supported on at least one of oxide and activated
charcoal.

5. The method according to claim 1, wherein the inorganic
base compound contains at least one of alkali metals and
alkali earth metals.

6. The method according to claim 1, wherein the inorganic
base compound is ammonia.
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